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Increased population densities due to the migration of people from the countryside to the 
cities, combined with the rising price of developable land provide the urban planners with no 
better solution than to build higher. In recent decades, dwellers of Dhaka city (Bangladesh) 
are constructing buildings more than 20 stories to support the current demand. These tall 
buildings are subjected to drift which is one of the most influencing factors in building 
structure. The dominant factors which maximize drift of a building structure are dynamic 
pressure of wind and earthquake force. So drift minimization is the pre-condition for any tall 
building construction. Drift can be minimized by increasing the size of column, but it reduces 
floor area of the buildings and it is not effective. So introduction of lateral force resisting 
system is a crying need for tall buildings to control drift. Drift can be controlled by using 
shear wall, bracing, outrigger system or introducing other systems. The main objectives of 
this research are to find out the most successful sidelong power opposing framework which 
must be savvy. Complete seven models are broke down by utilizing ETABS programming. 
Examination among established outcomes is done to discover best propping framework and 
shear divider framework. It is also found out most effective lateral force resisting system by 
comparing lateral displacement, story drift, seismic base shear, costing of lateral force 
resisting system and drift index. After observing all results and graphs it is observed that 
bracing system showed the most acceptable results in lateral force control. 
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INTRODUCTION 
Every year a large number of peoples are 
shifting in urban areas from rural and 
beside these populations is also increasing 
but there is not enough land space is 
available for everyone. Thus, cities 
become densely populated and cost of land 
also increases which leads to the use of 
multi-storied building [1]. But, when the 
building is taller and slender then it is 
necessary to observe some structural 
factors to choose an appropriate structural 
form. Consequently, examination and 
design education of extraordinary rise 
building is needed. 
High rise buildings are subjected to 
Earthquake load and wind load other than 
static load cases. These load cases 
governed drift of the tall buildings. 
Stiffness is a mandatory factor in high rise 
building. Therefore, drift control is 
necessary to keep the building stable. Float 
control of tall structure intends to keep the 
horizontal diversion at adequately low 
level to permit the correct working of non-
auxiliary parts (lifts, elevators and so on.) 
and to stay away from trouble and over the 
top breaking in the structure on account of 
avoidance and absence of adequate 
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which are provided to minimize drift in 
buildings. Common retrofitting systems 
are tube-in-tube; bracing system, shear 
wall system, flat-plate and flat-slab 
system, outrigger system rigid-frame 
system, infilled-framed system, bundled-
tube system, core structure system etc. 
 
Most of our buildings are seismically 
deficient which are built in the past two 
decades because of lack of awareness 
regarding structural behaviour during 
earthquake and ignorance to follow the 
code guidelines. Observing such a 
situation engineers prefer to construct 
shear wall to minimize drift [3]. In spite of 
the fact that there are numerous kinds of 
shear divider, solid shear dividers are 
generally utilized in tall structures in light 
of arrangement of parallel unbending 
nature and to perform acceptable in 
opposing burdens because of wind and 
quake without causing basic or 
compositional harm [4]. 
  
Propping framework is utilized to oppose 
the sidelong loads and it additionally holds 
the structure stable by moving the heaps to 
the ground. The bracing carries both 
tensions as well as compression thus 
reduces the bending movement and shear 
forces in the columns. There are many 
types of bracing systems but among them 
the concentric bracings increase the lateral 
stiffness of the frame [5].  
 
Outrigger frameworks are frameworks 
which are built by associating the structure 
centre to separate segments [6]. It 
increases building’s strength and stability. 
By introducing outrigger system building 
deformation resulting from the upsetting 
minutes get decreased, then again more 
noteworthy effectiveness is accomplished 
in opposing powers and it is the 
fundamental advantages of an outrigger 
framework. This research puts light on the 
performance, efficiency and suitability and 
cost effectiveness of these structural 
system to reduce drift. 
 
Problem Statement 
Three structural systems are selected to 
investigate the most drift control structural 
system; they are shear wall systems, 
bracing systems, outrigger systems. There 
are three models for shear wall systems, 
two models for bracing systems and one 
model for outrigger systems. The sample 
models are shaped for 30 storied tall 
constructions for these 3 schemes as 
reinforced cement concrete (RCC) 
structures. 
 
Using renounced structural analysis 
software ETABS 9.7.1, RCC tall buildings 
of different structural system are modelled 
considering 30 stories. The sizes of the 
columns are 22in X 22in, 25in X 25in and 
27in X 27in for corner, side and interior 
column respectively. The plan of the 
building is 75ft X 100ft and each story has 
10ft height. The thickness of the slab is 
6in, beam size is 12in X 18in, thickness of 
shear wall is 14in and bracing size is 15in 
X 15in. For analysis BNBC 1993 code is 
used and analysis is done for zone II 
(Dhaka) and the wind load and earthquake 
load is applied as per UBC 1994 (Uniform 
Building Code) which is equivalent to 
BNBC 1993. The dead load is considered 
30psf and 25psf as partition wall and floor 
finishing respectively. Live load is 
considered 60psf and 100psf on slab and 
staircase respectively. Load combinations 
are applied as per BNBC 1993 code 
specifications. 
 
The details of the building models are 
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Figure 1: Plan of shear wall system-1(SWS-1), shear wall system-2(SWS-2), shear wall 
system-3(SWS-3). 
                        
X-bracing                                                     V-bracing 
 
Elevation of outrigger model with inverted bracing at middle 
Figure 2: Elevation of X bracing, V bracing and elevation of outrigger system with belt truss 
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ANALYSIS RESULTS AND DISCUSSION 
 
Figure 3: Lateral deflection in bracing systems in X direction. 
 
 
Figure 4: Lateral deflection in bracing systems in Y direction. 
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Figure 6: Story drift (inch) in bracing system in Y direction. 
 
From Fig. 3 and 4, it is observed that the 
graph of lateral deflection of X bracing 
system in both x and y directions go below 
the graph of lateral deflection of V bracing 
system. That means X bracing is more 
effective to resist lateral deflection than V 
bracing system. Again from Fig. 5 and 6, it 
is observed that story drift of X bracing 
system in both x and y directions is less 
than V bracing system. It is also observed 
that, story drift decrease from story-5 and 
it again started to increase after story-25 
because of introduction of bracing systems 
from story-6 to story-25. 
 
 
Figure 7: Lateral deflection in shear wall systems in x direction. 
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Figure 9: Story drift in shear wall systems in x direction. 
 
 
Figure 10: Story drift in shear wall systems in y direction. 
 
From Fig. 7 and 8, it is observed that the 
graph of lateral deflection of Shear Wall 
System-1(SWS-1) in both x and y 
directions go below the graph of lateral 
deflection of others two shear wall 
systems. That means SWS-1 resist more 
lateral deflection than SWS-2 and SWS-3. 
Again from Fig. 9 and 10, it is observed 
that story drift of SWS-1 in both x and y 
directions is less than SWS-2 and SWS-3.
 
Comparison Among Three Lateral Force Resisting Systems 
1. Lateral deflection and story drift comparison 
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Figure 12: Comparison of lateral deflection among three systems in Y-direction (in). 
 
 
Figure 13: Comparison of story drift among three systems in X-direction (in). 
 
 
Figure 14: Comparison of story drift among three systems in Y-direction (in). 
 
From Fig. 11 and 12, it is observed that, 
in minimizing lateral deflection shear 
wall system is more effective than 
bracing system and outrigger system. 
From Fig. 13 and 14, it is observed that, 
in case of story drift minimization shear 
wall system is better than bracing 
system and outrigger system. It is also 
observed that in case of outrigger 
system story drift suddenly decreases in 
story 15 due to introduction of outrigger 
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Figure 15: Comparison of Base shear among three systems (kips). 
 
From Fig. 15, it is observed that base shear 
is minimum in shear wall systems and 
maximum in bracing systems.  
 
COST COMPARISON 
According to schedule of rates 2018, for 
civil works published by PWD (public 
Work Department), Bangladesh, total cost 
of the lateral force resisting systems is 
calculated. For the convenience of work 
here the overall costing of the building is 
not taken into consideration. 
 
 
Figure 16: Cost comparison. 
 
From Fig. 16, it is observed that cost is 
maximum for shear wall system and 
minimum for outrigger system. It is also 
observed that cost for bracing system is 
greater than outrigger system and less than 
shear wall system. 
 
DRIFT INDEX COMPARISON 
The ratio of maximum deflection at the top 
of the building to the height due to lateral 
forces which represents the lateral stability 
of a structural system is called drift index. 
The drift index value along with 
descriptions of the tall buildings made of 
different structural system analysed in this 
research are shown in Fig. 17 and 18. 
According to ASCE requirement drift 
index limit is 0.0025 and according to 
Smith and Couil, 1991 drift index limit is 
0.0030.
120.68 108.89 108.89 
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Figure 17: Comparison of drift index in X-direction. 
 
 
Figure 18: Comparison of drift index in Y-direction. 
 
From Fig. 17 and 18, it is observed that 
drift index in both X and Y directions is 
minimum in shear wall systems and 
maximum in outrigger systems. 
 
CONCLUSIONS 
The findings of this research are 
summarized as follows:  
 X bracing is more effective in 
minimizing lateral deflection, story 
drift than V-bracing in both x and y 
directions. On the other hand, base 
shear is less in V-bracing than X-
bracing. 
 Shear wall systems-1 is more effective 
in minimization of lateral deflection; 
story drift and base shear than others 
two shear wall systems. That means 
introduction of double shear wall in 
one side is more effective than 
introduction of single shear wall. 
 Lateral deflection, story drift, base 
shear and drift index in both x and y 
directions in shear wall systems-1 are 
less than bracing systems and outrigger 
systems with belt truss. 
 Cost is minimum in outrigger systems 
than bracing systems and shear wall 
systems. Cost of bracing system is less 




From all results shown it is recommended 
that:  
 Shear wall system is most effective to 
perform under lateral loads in tall 
buildings. On the other hand, shear 
wall system is costly and cannot pass 
adequate light to the buildings.  
 Again, outrigger systems are cost 
effective but perform not so well under 
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 Every property (lateral deflections, 
story drifts, base shear, costing, light 
passing) kept under considerations it is 
recommended that bracing systems are 
more effective. Because it is cost 
effective and can resist enough lateral 
deflection and story drift. 
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